previous case when the DMCs were common to all ICs) (SI fig.S6-S8 ). CellDMC also 1 0 7
attained high sensitivity and specificity if in-silico mixtures were generated purely from IC common scenario of EWAS performed in whole/peripheral blood (SI fig.S9 ), or if the
phenotype is continuously valued as opposed to binary (SI fig.S10 ). CellDMC was also 1 1 1 robust to binary heterogeneous phenotypes with cases defined by a bi-modal distribution, as e  p   3  3  9  1  7  ,  2  1  3  7  -2  1  5  0  (  2  0  1 e t a l . phenotype and estimated cell-type fractions to identify DMCs in specific cell-types (DMCTs). an epithelial tissue that includes epithelial, stromal (fibroblast, fat) and all major immune cell 4 1 7 types, CellDMC is able to infer not only DMCs but also the corresponding DMCTs. scenarios, where mean cell-type fractions are not different between cases and controls.
5
Because the competing methods can only detect DMCs, and not DMCTs, we compare the CellDMC. Statistical significance of this result was assessed using 100,000 Monte-Carlo runs, immune-cell DMCTs. P-values are from a one-tailed Wilcoxon rank sum test. 
‫ݔ‬ റ
to be the 5 6 3 vector of beta (DNAm) values for CpG c across the S samples. We further assume that the fractions for the 5 6 4 main cell-types, indexed by k (k=1…K and with K the number of cell-types), in the given samples have 5 6 5 already been estimated using EpiDISH/HEpiDISH (or another algorithm the user wishes to use). We 5 6 6 denote the estimated fractions for cell-type k over the S samples with the vector
. CellDMC is then 5 6 7
based on the following statistical model, which is run separately for each CpG c:
are regression coefficients to be estimated, * denotes the interaction term and 5 7 0
where we assume that errors are Gaussianly distributed with a variance that may depend on the specific 5 7 1 CpG c. We note that the above summations don't run over all K cell-types, because cell-type fractions are 5 7 2 normalized and must add to 1. Because of this normalization constraint, the intercept term and the 5 7 3 phenotype main effects term can be absorbed into the corresponding summations, so that an equivalent 5 7 4 statistical model is 5 7 5 5 7 6
The regression coefficients
inform us as to whether there is a significant interaction between the 5 7 7
phenotype and the corresponding fraction for cell-type k. We note that if differential methylation associated 5 7 8 with the phenotype occurs at a CpG c and in cell-type k that the observed differential methylation should 5 7 9 be larger in samples with high fractions for that cell-type k compared to samples with low content for 5 8 0 cell-type k, and should be detectable via a statistically significant interaction term
. We solve the above 5 8 1 model using least squares with the lm function in R, which provides estimates for the regression 5 8 2 Epi   cg03636183  cg05575921  cg19859270  cg21161138  cg05951221  cg01940273  cg06126421  cg21566642  cg02657160  cg03329539  cg06644428  cg14817490  cg25648203  cg26703534  cg03991871  cg09935388  cg19572487  cg23576855  cg24859433  cg25189904  cg01731783  cg01899089  cg04885881  cg07123182  cg08709672  cg11314684  cg11660018  cg12803068  cg12806681  cg12876356  cg15342087  cg20295214  cg21611682  cg22132788  cg27241845  cg00310412  cg01692968  cg01901332  cg02451831  cg03547355  cg05284742  cg06060868  cg11207515  cg11231349  cg12075928  cg13193840  cg13976502  cg14580211  cg14753356  cg18316974  cg21121843  cg21913886  cg22851561  cg23079012  cg23161492  cg23771366  cg23916896  cg24090911  cg24996979  cg25949550  cg26271591 
